Abstract. Intertrochanteric fractures occur most commonly in elderly patients. Osteoblasts and osteoclasts have been reported to be regulated by the receptor activator of NF-κB ligand (RANKL) and osteoprotegerin (OPG), during bone modeling and remodeling, respectively. Based on these observations, we hypothesized that the serum levels of RANKL, OPG and the RANKL/OPG ratio are important in the healing of intertrochanteric fractures in elderly patients. Enzyme-linked immunosorbent assays were used to measure the serum concentrations of RANKL and OPG in 36 elderly patients with intertrochanteric fractures and 30 age-matched healthy control subjects, at baseline and 4, 8 and 12 weeks following injury. The RANKL/OPG ratio in the two groups was also evaluated. Similar trends in RANKL and OPG levels were detected during the fracture healing process. The serum levels of RANKL and OPG were higher in the fracture group than in the controls, and were significantly higher at baseline and 4 weeks following injury (P<0.05). Notably, although the RANKL/OPG ratio gradually increased during healing, it was lower in the fracture group than in the control group. The RANKL/OPG ratio was significantly lower immediately after and 4 weeks after injury in the fracture group (P<0.05). Our data suggest a close correlation between higher serum levels of RANKL and OPG and the fracture healing process, indicating that RANKL and OPG are involved in fracture healing. The serum RANKL/OPG ratio also appears to be significant in the healing of intertrochanteric fractures in elderly patients.
Introduction
Intertrochanteric fractures encountered by orthopedic surgeons most commonly occur in the elderly population (1) . Complications of intertrochanteric fractures, such as nonunion and delayed healing, are not common during fracture healing due to the good blood supply and excellent cancellous bone in the intertrochanteric area (2) . However, complications resulting in pain, functional disability, psychological barriers and an economic burden may occur in patients with intertrochanteric fractures. To date, there have been few studies concerning primary intertrochanteric nonunions and their prevention (1, 3, 4) . Although a number of methods for predicting the progress of fracture healing exist, diagnostic methods at a molecular level are lacking. Bone biochemical markers are likely to be of particular interest, since they reflect the metabolic states of osteoblasts and osteoclasts (5) . Changes in these markers may reflect the molecular basis of fracture healing.
Receptor activator NF-κΒ (RANK), receptor activator NF-κΒ ligand (RANKL) and the osteoprotegerin (OPG) molecular system play important roles in the biology of osteoblasts and osteoclasts (6) . RANK, a member of the tumor necrosis factor receptor superfamily, is a main activator of the transcription factor NF-κB, and acts as a receptor for RANKL in a signal transduction pathway. RANKL is secreted by osteoblasts; following binding to RANK on the surface of preosteoclasts, RANKL stimulates the activation and development of osteoclasts. The soluble protein OPG is also a member of the tumor necrosis factor receptor superfamily, and is secreted by many cell types, such as the liver, heart, spleen, kidney cells and osteoblasts. OPG inhibits bone resorption by inhibiting the interaction between RANKL and RANK (7) (8) (9) (10) .
The RANKL/OPG system is a major signaling pathway that regulates the differentiation and function of osteoblasts and osteoclasts (11) . RANKL, which is a cytokine, is synthesized and secreted by osteoblasts and promotes bone resorption. Following binding to RANKL, OPG inhibits bone resorption caused by osteoclasts and increases bone formation (12, 13) . Therefore, a number of studies have suggested that the balance between RANKL and OPG regulates bone resorption and formation (14) (15) (16) (17) (18) . However, the changes in RANKL and OPG that occur during fracture healing in elderly patients with intertrochanteric fractures, as well as the importance of the RANKL/OPG ratio, have not yet been elucidated.
In the present study, the changes of serum RANKL and OPG levels in elderly patients with intertrochanteric fractures were investigated over time, and were compared with the respective levels in healthy control subjects. These measureThe role of the serum RANKL/OPG ratio in the healing of intertrochanteric fractures in elderly patients ments were analyzed to investigate the roles of RANKL, OPG and the RANKL/OPG ratio in elderly patients with normal intertrochanteric fracture healing, and to determine the significance of the RANKL/OPG ratio in elderly patients with intertrochanteric fractures.
Patients and methods
Study subjects. The study group included 36 patients with intertrochanteric fractures, with a mean age of 69.0 years (range, 65-79 years). All patients were treated between January 1, 1998 and January 1, 2005 in the Department of Orthopedics, The Luhe Teaching Hospital of the Capital Medical University. All patients had no systemic diseases and were admitted to the hospital immediately after injury. Surgery was performed on all patients with intertrochanteric fractures by the same group of surgeons. After surgery, all the patients underwent serial radiography to evaluate bone formation. All the fractures were healed 16-26 weeks following surgery. The control group consisted of 30 healthy subjects with a mean age of 71.0 years (range, 65-81 years). The study was approved by the Research Ethics Committees of our hospital, and informed consent was obtained from all study subjects.
Measurement of serum RANKL and OPG levels.
Peripheral blood samples (20 ml) were obtained from the 36 patients with intertrochanteric fractures within the first few hours of admission to hospital (at baseline), as well as at 4, 8, and 12 weeks following injury. Additionally, 20 ml peripheral blood were obtained from normal control subjects at baseline and after 4, 8 and 12 weeks. Serum was extracted from the blood samples in the morning and was immediately centrifuged. All the specimens were stored at -80˚C until analyzed. A sandwich enzyme-linked immunosorbent assay (ELISA; Immundiagnostik, Bensheim, Germany) was used to assess RANKL levels in the serum samples. Firstly, the biotin anti-RANKL detection antibody (sc-377079; Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) and the serum sample were pipetted into the wells of the ELISA plate. When human RANKL is present in the serum sample, it binds the recombinant OPG (sc-358754, Santa Cruz Biotechnology) precoated onto the wells and constitutes a sandwich with the detection antibody. In order to remove nonspecifically bound material, a streptavidin-horseradish peroxidase conjugate was added to the wells following washing. After removing the unbound conjugate by washing, the substrate tetramethylbenzidine was added to the wells. RANKL levels were measured by reading the substrate on a standard ELISA plate reader at 450 nm. The detection limit was 1.63 pg/ml. The intra-assay coefficient of variation (CV) was 2-4% for the serum RANKL measurements, and the inter-assay CV was 5-8%.
A sandwich ELISA method was also used to assess OPG levels in the serum samples. This assay contained two antibodies against OPG; the biological activity of recombinant human OPG was neutralized by the antibodies. The detection antibody was a goat polyclonal anti-human OPG antibody labeled with biotin (sc-8468; Santa Cruz Biotechnology, Inc.), where during manufacture the goat was immunized with human recombinant OPG (sc-361910Rx; Santa Cruz Biotechnology, Inc.). The serum levels of OPG were determined on the basis of the protein concentration, according to the manufacturer's instructions (sc-363390; Santa Cruz Biotechnology, Inc.). The detection limit was 2.53 pg/ml. The intra-assay CV for OPG measurements was 7-9%, and the inter-assay CV was <8%.
Statistical analysis. Statistical analyses were performed using SPSS 13.0 (SPSS, Inc., Chicago, IL, USA). Data were expressed as the mean ± standard deviation (SD) and evaluated using Student's t-test. P<0.05 was considered to indicate a statistically significant difference.
Results
Serum RANKL and OPG levels. RANKL levels were significantly higher in the intertrochanteric fracture group than in the controls at baseline and 4 weeks following injury (P<0.05). However, RANKL serum levels were not significantly different between the two groups 8 and 12 weeks following injury (P>0.05 at both time intervals). Serum RANKL levels were higher in the injury group than in the control group at all four time intervals (Fig. 1) .
Serum OPG levels were higher in the fracture group than in the control group at all four time points (Fig. 2) . Although the OPG levels were significantly higher in the intertrochanteric fracture group than in the controls immediately after and 4 weeks after injury (P<0.05 at both time intervals), there was no significant difference between the two groups 8 and 12 weeks following injury (P>0.05 at both time intervals; Fig. 2 ).
RANKL/OPG ratios. The RANKL/OPG ratio was lower in the intertrochanteric fracture group than in the controls at all four time intervals. The ratios were significantly lower immediately after and 4 weeks after injury (P<0.05 at both time intervals), while there was no significant difference between the two groups 8 and 12 weeks after injury (Fig. 3) .
Discussion
In the present study, the serum levels of RANKL and OPG in elderly patients with intertrochanteric fractures and in healthy controls were assessed. To the best of our knowledge, this is the first study to demonstrate a role of the serum levels of RANKL and OPG in elderly patients with intertrochanteric fractures.
The levels of RANKL ( Fig. 1) and OPG (Fig. 2) were significantly higher in the fracture group than in the controls immediately after and 4 weeks following injury, while there were no significant differences between the groups 8 and 12 weeks after injury. A previous study has shown that the secretion of RANKL by osteoblasts stimulates osteoclast differentiation (19) . Schett et al (20) suggested that serum RANKL levels may be used as a predictor of fracture. Abdallah et al reported an association between high OPG levels and low risk of fracture (21) . It has also been suggested that OPG in combination with RANKL may inhibit osteoclast differentiation (22) .
In the present study, it was observed that RANKL levels were higher in the intertrochanteric fracture group than in the healthy controls immediately after and 4 weeks after injury (Fig. 1) , while the RANKL levels were lower than the OPG levels in the intertrochanteric fracture group at baseline and 4 weeks after injury. These data suggest that the number of osteoblasts increases during healing, particularly immediately after and 4 weeks after injury. As a result, bone formation is likely to dominate the healing process at these two time intervals. Therefore, our results indicate that serum RANKL and OPG may be involved in the healing of intertrochanteric fractures in elderly patients.
Notably, the RANKL/OPG ratios were observed to be significantly lower in the intertrochanteric fracture group than in the normal control subjects immediately after and 4 weeks after injury; and remained lower 8 and 12 weeks following injury (Fig. 3) . The RANKL/OPG ratio was lower in the intertrochanteric fracture group than in the normal group, while a slight increase of the ratio with time was noted (Fig. 3 ). An increasing RANKL/OPG ratio after fracture is considered to tilt the balance of RANKL and OPG toward bone resorptive status (17) , since this balance is critically important for bone remodeling and the preservation of bone mass (23) . The RANKL-OPG balance may affect osteoclast activity, which is why it has been suggested that the serum RANKL/OPG ratio is a critical factor for determining osteoclast activation (24) .
The results of the current study indicate that the RANKL/OPG ratio may be important in the healing process of intertrochanteric fractures in elderly patients. Coetzee and Kruger (25) suggested that this ratio may determine osteoclast activation and affect bone formation, which underlies the potential value of the ratio for predicting fracture healing. Moreover, Tsangari et al (26) demonstrated that the RANKL/OPG ratio predicts fracture healing (26) . The present study indicates that bone formation mainly occurs during the first 8 weeks, and particularly during the first 4 weeks following injury; bone remodeling mainly occurs 8 and 12 weeks following injury. Future studies are required in order to determine why the RANKL and OPG levels are higher at the initial time intervals after intertrochanteric fracture than their levels in healthy subjects. Since fracture healing is a complex process, the changes in RANKL and OPG levels may also be influenced by other factors, which will be investigated in future studies.
In conclusion, high serum levels of RANKL and OPG were detected in patients with intertrochanteric fractures compared with healthy controls. The present study demonstrated that the RANKL/OPG ratio was lower in the intertrochanteric fracture group than in the healthy controls. These observations provide important information regarding the healing process of intertrochanteric fractures in the elderly at a molecular level. In the present study, the serum RANKL/OPG ratio has been suggested to contribute to the modulation of fracture repair. Consequently, these findings may lead to novel therapeutic interventions for nonunion of intertrochanteric fractures. 
